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CARBOHYDRATES
Separation Techniques Based on Molecular Size

Purpose

	The purpose of this lab is to understand basic properties of common carbohydrates and methods used to determine these properties. This lab used glucose and starch to determine different properties of monosaccharides and polysaccharides. Techniques such as dialysis, gel filtration and enzyme reactions are used. Dialysis is a process of separating molecules based on their size using diffusion through a semi-permeable membrane. This will allow smaller molecules to diffuse out and bigger molecules to stay in the initial solution space. Gel filtration uses a gel column, which contains hydrated beads to separate molecules based on their size. Smaller molecules go into the pores of the hydrated beads and are slowed down whereas larger molecules pass by and will be eluted faster. Glucose oxidase-peroxidase is a more complicated method which uses enzymatic reaction to determine the amount of glucose in the solution. An Iodine reaction is also used to determine the amount of starch in the solution. The concentration of glucose and starch is determined using colorimetric assays of all the samples using a spectrophotometer.

Results and Discussion

Glucose Oxidase Reaction

Table 1: Observation of Samples with Glucose Oxidase-Peroxidase and 2N H2SO4, including absorbance readings. Sample tubes contain water and the specific sample solution to equal a total volume of 0.6mL. Addition of 1.2mL Glucose oxidase-peroxidase added to each tube and incubated for 10min, colour change observed. Addition of 0.1mL 2N H2SO4 after 10min stops the reaction and colour change observed. The sample’s UV absorption is measure at 420nm using a spectrophotometer.
	Sample
	Color 1 after addition Of Glucose Oxidase-peroxidase
	Color 2 after addition of 2N H2SO4
	Absorbance

	Blank
	Clear
	Clear
	0.017

	Glucose standard (1.5 mg/mL)
	Blue
	Yellow
	0.587

	Starch standard (0.20 mg/mL)
	Clear
	Clear
	0.042

	Initial starch/glucose mixture
	Dark Blue
	Yellow
	1.613

	Final internal solution
	Dark Blue
	Yellow
	1.869

	Final external solution
	Blue
	Yellow
	0.449

	Fraction #1
	Clear
	Clear
	0.016

	Fraction #2
	Clear
	Clear
	0.005

	Fraction #3
	Clear
	Clear
	0.019

	Fraction #4
	Clear
	Clear
	0.022

	Fraction #5
	Blue
	Yellow
	0.333

	Fraction #6
	Dark Blue
	Yellow
	1.211

	Fraction #7
	Dark Blue
	Yellow
	1.327

	Fraction #8
	Dark Blue
	Yellow
	0.759

	Fraction #9
	Blue
	Yellow
	0.292

	Fraction #10
	Light Blue
	Light Yellow
	0.121

	Fraction #11
	Clear
	Clear
	0.035

	Fraction #12
	Clear
	Clear
	0.30

	Fraction #13
	Clear
	Clear
	0.002

	Fraction #14
	Clear
	Clear
	0.025

	Fraction #15
	Clear
	Clear
	0.005



Table 2: Absorbance Values of Glucose oxidase Assay. Standardizing the absorbance values by subtracting the blank sample absorption value.
	Sample
	Absorbance 
	Solution
	Absorbance
	Solution
	Absorbance

	Blank
	0.017
	Fraction #1
	-0.001
	Fraction #9
	0.275

	Glucose standard (1.5 mg/mL)
	0.570
	Fraction #2
	-0.012
	Fraction #10
	0.104

	Starch standard (0.20 mg/mL)
	0.025
	Fraction #3
	0.002
	Fraction #11
	0.018

	Initial starch/glucose mixture
	1.596
	Fraction #4
	0.005
	Fraction #12
	0.283

	Final internal solution
	1.852
	Fraction #5
	0.316
	Fraction #13
	-0.015

	Final external solution
	0.432
	Fraction #6
	1.194
	Fraction #14
	0.008

	
	
	Fraction #7
	1.310
	Fraction #15
	-0.012

	
	
	Fraction #8
	0.742
	
	



Sample Calculation for Sample  Glucose standard
Absorbance
Sample reading = 0.587, blank reading = 0.017
Intensity of Yellow Colour = Sample reading – blank reading
=0.587 – 0.017
=0.570
The standardized absorption value for the glucose standard at 420nm is 0.570.
Table 3: Concentration of Glucose in Samples from the Glucose oxidase reaction. Using the absorbance value and concentration of the standard glucose solution (1.5mg/mL) we can determine the concentration (mg/mL) of glucose in the other samples.
	Sample
	Absorbance
	Concentration (mg/mL)

	Glucose standard (1.5 mg/mL)
	0.570
	1.5

	Initial starch/glucose mixture
	1.596
	100.80

	Final internal solution
	1.852
	24.37

	Final external solution
	0.432
	1.14


Sample Calculation  unknown = Initial starch/glucose mixture
Concentration
Astandard = 0.570, Cstandard = 1.5 mg/mL, Aunknown = 1.596
Cunknown = Aunknown*Cstandard/Astandard
            Cunknown = -1.596 * 1.5mg/mL / 0.570*(0.025/0.6) = 100.8 mg/mL  =100.8g/L  
The concentration of glucose in the initial starch/glucose mixture is 100.8g/L
Iodine Reaction
Table 4: Observation of Samples with Iodine, including absorbance readings. Sample tubes contain water and the specific sample solution to equal a total volume of 1.6mL. Addition of 75L Iodine solution added to each tube, colour change observed. The sample’s UV absorption is measure at 600nm using a spectrophotometer.
	Sample
	Color 
	Absorbance

	Blank
	Light Yellow
	0.008

	Glucose standard (1.5 mg/mL)
	Light Yellow
	0.027

	Starch standard (0.20 mg/mL)
	Black Blue
	0.756

	Initial starch/glucose mixture
	Black Blue
	0.506

	Final internal solution
	Black Blue
	0.494

	Final external solution
	Light Yellow
	0.010

	Fraction #1
	Light Yellow
	0.013

	Fraction #2
	Light Yellow
	0.007

	Fraction #3
	Black Blue
	0.297

	Fraction #4
	Black Blue
	0.350

	Fraction #5
	Light Yellow
	0.026

	Fraction #6
	Light Yellow
	0.033

	Fraction #7
	Light Yellow
	0.024

	Fraction #8
	Light Yellow
	0.012

	Fraction #9
	Light Yellow
	0.019

	Fraction #10
	Light Yellow
	0.012

	Fraction #11
	Light Yellow
	0.009

	Fraction #12
	Light Yellow
	0.011

	Fraction #13
	Light Yellow
	0.010

	Fraction #14
	Light Yellow
	0.037

	Fraction #15
	Light Yellow
	0.017


. 
Table 5: Absorbance values of Iodine assay. Absorbance values standardized by subtracting the blank sample absorption value.
	Solution
	Absorbance
	Solution
	Absorbance 
	Solution
	Absorbance 

	Blank
	0.008
	Fraction #1
	0.005
	Fraction #9
	0.011

	Glucose standard (1.5 mg/mL)
	0.019
	Fraction #2
	-0.001
	Fraction #10
	0.004

	Starch standard (0.20 mg/mL)
	0.748
	Fraction #3
	0.289
	Fraction #11
	0.001

	Initial starch/glucose mixture
	0.498
	Fraction #4
	0.342
	Fraction #12
	0.003

	Final internal solution
	0.486
	Fraction #5
	0.018
	Fraction #13
	0.002

	Final external solution
	0.002
	Fraction #6
	0.025
	Fraction #14
	0.029

	
	
	Fraction #7
	0.016
	Fraction #15
	0.009

	
	
	Fraction #8
	0.004
	
	


Sample Calculation  Glucose standard
Absorption
Intensity of Yellow Colour = Sample reading (b) – blank reading (a)
=0.027 – 0.008 
=0.019
The absorbance of glucose standard is 0.019.
Table 6: Concentration of Starch in Samples from the Iodine reaction. Using the absorbance value and concentration of the standard starch solution (0.2mg/mL) we can determine the concentration (mg/mL) of starch in the other samples.
	Sample
	Absorbance
	Concentration (mg/mL)

	Starch standard (0.20 mg/mL)
	0.748
	0.200

	Initial starch/glucose mixture
	0.498
	2.130

	Final internal solution
	0.486
	2.079

	Final external solution
	0.002
	0.001


Sample Calculation  unknown = Initial starch/glucose mixture
Concentration
Astandard = 0.748, Cstandard = 0.20 mg/mL, Aunknown = 0.498
Cunknown = Aunknown*Cstandard/Astandard
            Cunknown = 0.498 * 0.20mg/mL / 0.748*(0.1/0.6) = 2.130mg/mL = 2.130g/L   
The concentration of starch in the initial starch/glucose mixture is 2.13g/L

Dialysis

R1

Table 7: Dialysis results, determining the concentration of starch and glucose at the beginning and end of the process. Dialysis process done for 46min. Absorption of the initial and final solution was measured after the Glucose oxidase/Iodine reactions were performed. Then used to determine the concentration (g/L) and mass (mg) of both starch and glucose in these solutions.
	t (min)
	Glucose
	Starch

	
	A420 Internal solution
	c1 (g/L)
	m1 (mg)
	A420 External solution
	c2 (g/L)
	m2 (mg)
	A600 Internal solution
	c1 (g/L)
	m1 (mg)
	A600 External solution
	c2 (g/L)
	m2 (mg)

	0
	1.596
	100.8
	1000.8
	-----
	0
	0
	0.498
	2.13
	21.3
	-----
	0
	0

	46
	1.852
	24.37
	243.7
	0.432
	1.14
	228.0
	0.486
	2.08
	20.8
	0.002
	0.001
	0.2


Sample Calculations for t=0min and A420 Internal solution glucose:
Absorbance
· Refer to table 2 for glucose and table 5 for starch
Concentration
Astandard = 0.570, Cstandard = 1.5 mg/mL, Aunknown = 1.596
Cunknown = Aunknown*Cstandard/Astandard
C = 1.596 * 1.5mg/mL / 0.570 = 100.8 mg/mL  
The concentration of glucose in the internal solution at t=0min is 100.8g/L.
Mass
C=m/V  C=4.20mg/mL V=10mL
m = C*V
m2 = 100.8 mg/mL * 10 mL = 1000.8mg
The mas of glucose in the internal solution at t=0min is 1000.8mg.

Analysis:
	Dialysis is a process where molecules are separated based on size using diffusion through a membrane. The membrane’s pores are a certain size and will only allow certain molecules through making it selective and semipermeable. Smaller molecules will diffuse out easier than larger molecules. Glucose is suspected to be a smaller molecule and thus more easily diffuse out. We can see this in the results. The initial concentration of glucose in the internal solution at the beginning of dialysis can be compared to the glucose in the internal and external solution at the end of the 46min dialysis period. The internal concentration of glucose is lower at the end then the beginning, showing that it diffused out. We see that the final internal and external glucose concentrations is further apart and thus can be concluded that the solution is not yet at equilibrium in this time. Looking at the starch molecules we suspect that these are larger molecules and thus less/none will cross the membrane into the external solution. This can be observed in the data seeing that there is a lot more starch in the internal than the external solution at the end. These results confirm that glucose is smaller than starch seeing that more of it was able to cross the semi-permeable membrane and enter the external solution during the dialysis process.

R2
Glucose concentration at equilibrium
V1 = 10.0mL, V2 = 200.0mL, Co = 100.8 mg/mL
Ceq = (CoV1)/(V1+V2)
= (100.8mg/mL x 10.0mL)/(10mL + 200mL)
= 4.8 mg/mL = 4.8 g/L
The equilibrium concentration of glucose is 4.8g/L.

R3
Diffusion Coefficient of Glucose across the dialysis membrane 
t=46min, V1=10.0mL, V2=200.0mL, Co=100.8mg/mL, Ceq=4.8mg/mL, =V1/V2=0.05mL, C1=24.37mg/mL, r=1.6/2=0.8cm
(C1-Ceq)(1+)=Coe^(-t)
(24.37-4.8)(1+0.05) = 100.8e^(-46)
20.5485/100.8 = e^(-46)
ln(0.20385) = -46
 = 0.03457

 = (2x(1+)D’)/r
0.03457 = 2(1+0.05)D’/0.8
D’ = 0.0131cm/min
The diffusion coefficient for glucose is 0.0131cm/min.

Gel Filtration

R4
Table 8: Column elution results, determining the concentration and mass of glucose and starch in each fraction. Using the standard absorption and concentration of either starch (0.2mg/mL) and glucose (1.5mg/mL) we can determine the concentration (mg/mL) and mass (mg) of starch and glucose of the other fraction solutions.
	Fraction
	Glucose
	Starch

	#
	Elution Vol. (mL)
	A420
	c
(g/L)
	Mass
(mg)
	A600
	c
(g/L)
	Mass
(mg)

	1
	7.60
	-0.001
	-0.003
	~0
	0.005
	0.001
	0.010

	2
	12.00
	-0.012
	-0.032
	~0
	-0.001
	-0.0003
	~0

	3
	16.40
	0.002
	0.005
	0.02
	0.289
	0.0773
	0.340

	4
	20.80
	0.005
	0.013
	0.06
	0.342
	0.0914
	0.402

	5
	25.20
	0.316
	0.832
	3.66
	0.018
	0.0048
	0.021

	6
	29.60
	1.194
	3.142
	13.83
	0.025
	0.0067
	0.029

	7
	34.00
	1.310
	3.447
	15.17
	0.016
	0.0043
	0.019

	8
	38.40
	0.742
	1.953
	8.59
	0.004
	0.0011
	0.005

	9
	42.80
	0.275
	0.724
	3.18
	0.011
	0.0029
	0.013

	10
	47.20
	0.104
	0.274
	1.20
	0.004
	0.0011
	0.005

	11
	51.60
	0.018
	0.047
	0.21
	0.001
	0.0003
	0.001

	12
	56.00
	0.283
	0.745
	3.28
	0.003
	0.0008
	0.004

	13
	60.40
	-0.015
	-0.039
	~0
	0.002
	0.0005
	0.002

	14
	64.80
	0.008
	0.021
	0.09
	0.029
	0.0078
	0.034

	15
	69.2
	-0.012
	-0.032
	~0
	0.009
	0.0024
	0.011


Sample Calculations  Fraction #2 glucose:
Elution Volume
Fraction #1 – 7.60mL 
Note: Fraction one has a higher volume than the other fractions due to a malfunction. The machine did not turn to the next fraction in the beginning because it was not clicked in properly. The machine was fixed, and the experiment continued.
Fraction #13 – 4.40mL
Fraction #14 – 4.40mL
Fraction #15 – 4.40mL
Average Volume of fraction = (Fraction #13 + #14 + #15) / 3
		= (4.40mL + 4.40 + 4.40) / 3 = 4.40mL
The average volume of a fraction is 4.40mL.
Elution volume  for F #n = F#n-1 + average volume, n= fraction number
EV of F#2 = F#1 + 4.40mL = 7.60 + 4.40 = 12.00mL
The elution volume for fraction #2 is 12.00mL
Absorbance (glucose oxidase)
A = Sample reading – blank
A420 F#2 = 0.016 – 0.017 = -0.001
Refer to table 2 – glucose and table 5 - starch
Concentration (glucose)
Astandard = 0.570, Cstandard = 1.5 mg/mL, Aunknown = -0.012
Cunknown = Aunknown*Cstandard/Astandard
C2-unknown = -0.012 * 1.5mg/mL / 0.570 = -0.032 mg/mL  
The concentration of glucose in fraction #2 is -0.032mg/mL
Mass (glucose)
C=m/V  C2=-0.032mg/mL, V2=4.40mL
m2 = C2*V2
m2 = -0.032 mg/mL *4.40 mL = -0.14g = ~0g
The mass of glucose in fraction #2 is roughly 0mg.

R5

Figure 1. Gel column filtration chromatography of glucose-starch mixture, concentration (mg/mL) of Glucose and Starch compared to the elution volume (mL). Using Table 8, we can plot the concentration of glucose and starch as the elution volume increase. The peaks can be used to determine molecular separation of a solution. Volume of initial glucose-starch mixture added to the column is 0.5mL. The solution is eluted into 15 fractions of 100drops each. Concentration determined by using a standard solution (glucose = 1.5mg/mL and starch = 0.2mg/mL) and absorbance values (glucose @420nm and starch  600nm).

Analysis
Both glucose and starch have 1 large peak and one much smaller peak. During gel filtration molecules move down the gel column into fraction tubes. These eluted volumes can be analyzed to determine the size and separation of molecules. As determined in the dialysis, starch is a bigger molecule and glucose is smaller. Thus starch will move down the gel column faster, seeing that it will move around the beads, than glucose and its peak will be observed earlier. Glucose being smaller will get caught in the beads and take longer to move down the column. Once the salt solution is released into the column it replaces the glucose and the glucose is able to move down and exit the column. Thus, glucose’s peak is observed after that of starch. Our data is consistent with this, the starch peak is observed before the glucose and thus can conclude that it is bigger than glucose.

R6
The average distribution coefficient (Kav) of starch and glucose.
Glucose:
d=1cm, h=46.1cm
Vt=(d/2)2h
=(1/2)2(46.1)
= 36.21mL
The total volume is 36.21mL.
Vt=36.21mL, Vo=15mL, Ve=34mL (peak volume)
Kav = (Ve - Vo)/(Vt - Vo)
=(34 – 15)/(36.21 – 15)
=0.89580
The average distribution coefficient for glucose is 0.896.

Starch:
d=1cm, h=46.1cm
Vt=(d/2)2h
=(1/2)2(46.1)
= 36.21mL
The total volume is 36.21mL.

Vt=36.21mL, Vo=15mL, Ve=20.8mL (peak volume)
Kav = (Ve - Vo)/(Vt - Vo)
=(20.8– 15)/(36.21 – 15)
=0.2213
The average distribution coefficient for starch is 0.221.
Analysis
The distribution coefficient is correlates with the size of the molecule. We expect larger molecules to have distribution coefficients close to 0 and a small molecule will have a distribution coefficient close to 1. We suspect that glucose is smaller than starch. This is proven by this experiment seeing that glucose has a value of 0.895 which is closer to 1 and starch has a value of 0.221 which is closer to 1. The values are as expected.

R7
Recovery Yield of glucose and starch
Glucose Recovery Yield:
Theoretical yield = Cinitial sol x Vadded
= 100.8 mg/mL x 0.5mL
=50.4
Experimental yield = mn , n= fraction #1-15
= 49.29
Recovery yield = Experimental/Theoretical x 100
=49.29/50.4 x 100
=97.80%
The recovery yield for glucose is 97.80%.

Starch Recovery Yield:
Theoretical yield = Cinitial sol x Vadded
= 2.13 mg/mL x 0.5mL
=1.065
Experimental yield = mn , n= fraction #1-15
= 0.896
Recovery yield = Experimental/Theoretical x 100
=0.896/1.065 x 100
=84.13%
The recovery yield for starch is 84.13%.

Analysis
The recovery yield for glucose is near 100%, meaning close to optimal conditions. The starch recovery yield is a little bit less at 84.13%, which indicates some error in the experiment. Less starch/glucose was measured than what was started with in the beginning of the experiment. We may have lost some solution when filling the gel column with the initial starch/glucose mixture and closing of the valve before all the solution has entered the tube. An error could also have accrued with measuring the absorption value of the solution. Finger prints and smudges on the outside of the tube and/or too little volume in the tube could cause inaccurate value. The absorption values are used to calculate the concentration of glucose and starch, so if it is inaccurate so will the concentration values be. Another error could be due to the overpacking of the gel column, this will make it harder for larger molecules, i.e. starch, to flow down the column. This could result in some starch still left in the column and therefore a lower experimental yield.

Lab Book
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PROCEDURES

ent operations in a logical sequence, you can perform
ence, for instance, You can determine the fractions to
romatography is finished (step 10).

Some operations in a different time sequ
be tested (steps 11 and 12) before the ch

Before performing these experiments, you should watch the following videos:

* Chromatography (4:42) or (http://www,youtube.com/watch?v:qﬂtmtpALQ)
® Dialysis (1:36) or (http://www.youlubecom/watch?v:BDfSZod}SbS)

You should also watch the animation:

* Dialysis
® Gel filtration chromatography
® Carbohydrates tests

These animations are located in the Laboratory 1: Carbohydrates folder of the Laberatory
sessions module on the Brightspace site of the Laboratory component
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EXPERIMENT #1: Dialysis

1. Fill a small 50 mL beaker with distilled water and soak in it the provided piece of
cellophane dialysis tubing (1.6 cm diameter, 2.0 mL/cm, MW cut-off: 12000-14000 Da)
for 5 min to remove the glycerol and other storage additives.

2. Remove the dialysis tube from the water and make a dialysis bag by closing one end
with an orange clip.

3. Fill the bag with 10 mL of the starch, glucose solution. Put aside a 1 mL aliquot of tlTe
starch and glucose solution for glucose and starch analysis to be performed in
£\ experiments 3 and 4.

Close the bag with a second clip, try to remove as much air as possible. Place the closed
bag in a large beaker filled with 200 mL of distilled water and stir the water using a
stirring plate for at least 45 min, until you finish the chromatography (experiment 2).
Take note of the time of dialysis in minutes.

S. Stop stirring, remove the dialysis bag from the beaker, and pour its content into a 25 mL
cylinder.

6. You will assay the internal (in the dialysis bag) and external (in the beaker) solutions for
glucose and starch in experiments 3 and 4.

EXPERIMENT #2: Gel filtration chromatography

Prior to your starting the lab session, the technician has loaded a chromatography column with
Sephadex to be used by two teams. The empty glass column (1.0 cm x 50 cm) was clamped in a
VERTICAL position. Pre-swollen Sephadex G-25 (MW cut-off: 5000) in distilled water was
poured inside the column, using a glass rod, in a smooth continuous motion to avoid trapping
air bubbles.

Once the Sephadex had settled, the flow adaptor was adjusted on top of the gel, removing ail
air and liquid but without compressing the gel bed. The inlet of the column was then connected
to the T valve. The other two channels of the T valve were connected to the elution buffer
reservoir (the Mariotte flask) and to the sample syringe. The outlet tube from the column was
connected to a fraction collector that was already loaded with a rack full of tubes (Figure 7).

Note: Two teams will perform the chromatography together, but they will do the

measurements of glucose and starch separately, each team m@g@!ﬁw
content.





